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ABSTRACT 
The tiger toothed croaker Otolithes ruber (Schneider, 1801) of the family Sciaenidae is a demersal fish that contributes 
significantly to the marine fish landings of India. To identify stock units of O. ruber based on body shape morphometry, 
truss network analysis was carried out based on specimens collected from four selected  locations, two each from  east 
coast (Digha and Chennai along Bay of Bengal) and the west coast (Cochin and Ratnagiri along Arabian Sea) of India. 
A total of 20 truss distances along the fish surface, including head, mid body and posterior region were measured and 
transformed measurements were subjected to factor analysis and discriminant function analysis. The bivariate plot score 
of factor analysis indicating two distinct stocks on both the coasts may be the consequence of geographical isolation and 
different environmental conditions along the Bay of Bengal (east coast) and Arabian Sea (west coast). The Ratnagiri and 
Cochin population showed considerable mixing which indicated the presence of a unit stock along the west coast. However, 
existence of strong morphometric differentiation between Digha and Chennai populations indicated two separate spawning 
populations in the Bay of Bengal. In the cross-validation of Discriminant function analysis, the most well classified group 
was Digha population (97.85%). The present study suggests the possible existence of three stocks of O. ruber, one in west 
coast (Cochin and Ratnagiri) and two in east coast (Digha and Chennia) which can be considered while formulating effective 
management strategies for the species.
Keywords: Discriminant analysis, Factor analysis, Otolithes ruber, Stock identification, Truss network system
Introduction
Stock identification defined as the separation of self 
sustaining components within fish species is the basic 
need of fisheries resource management (Cadrin, 2005). 
Information on stock structure is one of the prerequisites 
of reliable management of exploited fishery resources as 
stock based management practices need to be followed 
to achieve sustainable yield, avoid recruitment failures 
and rebuild overfished stocks (Turan et al., 2006). Fisheries 
resource management framework without proper information 
on stock structure has led to an erosion of spawning stock 
components resulting in a loss of genetic diversity and 
other ecological consequences (Begg et al., 1999). Therefore, 
for effective fisheries management, it is very much essential 
to study stock structure of a species, as each stock should be 
managed separately to optimise their yield.
One of most widely used stock identification techniques 
is analysis of morphometric traits and it is an essential 
prerequisite for further confirmations (Cadrin, 2000) 
to elucidate spatial discreteness. Studies have revealed 
that the truss network system provided a more accurate 
classification of individuals than traditional morphometric 
methods (Strauss and Bookstein, 1982; Winans, 1987; 
Schweigert, 1990; Roby et al., 1991) as it helps to 
overcome size dependent variation and takes into account 
the shape associated variables. It is effective in describing 
the shape of the fish under study (Cavalcanti et al., 1999). 
Moreover, it has been widely used for the discrimination 
of intra and inter-population shape variations (Strauss 
and Bookstein, 1982; Rohlf and Bookstein, 1990; 
Bronte et al.,1999). 
Sciaenids form one of the important constituents of 
the marine fish landings of India landed mainly by trawlers 
and contribute about 15% to the total demersal finfish 
resources (CMFRI, 2018). Tiger toothed croaker Otolithes 
ruber (Schneider, 1801) is a commercially important 
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medium sized species, widely distributed in tropical, 
subtropical and temperate seas, including the Persian Gulf 
and Oman Sea, Indian and Pacific Oceans, China and 
the Malayan archipelago (Brash and Fennessy, 2005). It 
is found all along the Indian coast at depths between 10 
and 40 m (Sasaki, 2001). However, the information on the 
stock structure of the species is not well understood. Until 
now, stock assessment of O. ruber was conducted on a 
regional basis (Chakraborty et al., 2000;  Santoshkumar 
et al., 2017) where data may represent multiple stocks and 
this violates many fundamental assumptions of fisheries 
management.  If unique stocks can be identified, data on 
such populations can be used independently for stock 
assessments to formulate effective fisheries management. 
Therefore, the present study was carried out to identify 
independent stocks of O. ruber from all along the Indian 
coast based on morphometric characteristics employing a 
truss network system. 
Materials and methods
Study area and sample collection 
Altogether 385 specimens of O. ruber were collected 
from commercial landings at four locations based on 
the availability of the species along the Indian coast i.e., 
Digha (West Bengal) and Chennai (Tamil Nadu) from 
the east coast and Ratnagiri (Maharashtra) and Cochin 
(Kerala) from the west coast of India (Table 1, Fig. 1) 
between September, 2011 and February, 2012. The details 
of the samples collected from each location are presented 
in Table 1. 
Truss morphometric measurements
A good quality digital camera, Cyber shot DSC-W300 
(Sony, Japan) was used for acquiring the images of the 
fish samples as digital records provide a complete archive 
of body shape (Cadrin and Friedland, 1999). The truss 
network analysis, based on a series of truss network 
measurements or distances that form a regular pattern of 
connected quadrilaterals was selected for both body and 
skull of fish. These distances were measured on the basis 
of morphologically significant anatomical locations on fish 
body called as ‘landmarks’. A truss network consisting 
of a total of 20 truss distances by collating 10 landmarks 
(Fig. 2) were used in the present study. The distances were 
extracted from the digitised image using a combination 
of two softwares, tpsDig2 V2.1 (Rohlf, 2006) and 
Paleontological Statistics (PAST) (Hammer et al., 2001). 
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Fig. 2. Truss network of O. ruber  showing the twenty truss 
distances  extracted from 10 point truss
Table 1. Details of samples of O. ruber collected from various locations  along the east and west coasts of India
Sea Locations Sample size Sex ratio Mean total length 
(mm) ±SE
Mean standard 
length (mm)±SE
Mean body weight 
(g) ±SE
Bay of Bengal Digha 94 1:1.29 249.83±2.00 214.91±1.79 144.36±4.01
Chennai 91 1:1.12 231.30±2.85 198.70±2.61 122.13±4.13
Arabian Sea Ratnagiri 93 1:0.86 225.37±2.26 198.61±1.78 126.57±4.02
Kochi 107 1:0.82 229.59±1.87 193.47±2.03 113.38±3.82
Fig. 1. Map showing the sampling locations 
Arabian Sea Bay of Bengal
Digha       : 20041'01.89''N
                   87033'12.49''E
Chennai  : 12059'35.26''N
                  80017'25.41''E
Cochin    : 09056'21.24''N
                  76015'34.21''E
Ratnagiri : 17001'42.11''N
                  75020'48.27''E
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Transformation of truss distances for removing size dependent 
variation
All the truss measurements were first tested for 
outliers and 20 observations were removed based on 
Cook’s distance estimates (Cox and Small, 1978) using 
the PROC ROBUSTREG procedure of SAS software 
(SAS, 2008) as they may distort the general tendency in 
the size distribution. A transformation was used to reduce 
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the correlation between body size and truss distances and 
convert size-dependent truss distances to size independent 
shape variables. The size dependent variation was 
eliminated using an allometric approach of Reist (1985) 
with some modification, i.e. location-wise SLmean was 
taken in the place of overall mean (Swatipriyanka Sen 
et al., 2011).
Mtrans=log M-β (log SL−log SLmean)
where,  Mtrans: Transformed truss distance,  M: Original 
truss distance,  β: Within-group slope of the regressions of 
log M on log SL,  SL: Standard length of the fish,  SLmean: 
Location-wise mean standard length 
Multivariate analysis 
Correlation coefficients between the transformed 
truss distances and the standard length of the fish were 
estimated to validate efficacy of transformation in 
removing the size dependent variation.  The multinomial 
Mardia’s test was carried out to check whether the data 
follow a multivariate normal distribution (Cox and Small, 
1978). Then, the truss distances were subjected to factor 
analysis (Hatcher, 2003) using PROC FACTOR procedure 
of SAS (SAS, 2008) for identifying the independent 
stocks along the Indian coast. Thus, three factor analysis 
was carried out, one for between the coast and another 
two within each coast to investigate the stock structure of 
O. ruber. Significant factors were extracted for both coasts 
and locations within a coast by employing a Maximum 
likelihood method and retained factors were subjected to 
rotation procedure by VARIMAX (orthogonal) rotation 
(SAS, 2008). The rotated factors were subjected to 
scratching procedure as described by Hatcher (2003) to 
identify the high loadings variables for a given factor. A 
truss variable is said to be heavily loaded on a given factor 
if the factor loading is 0.4 or greater (Hatcher, 1994) and 
those variables which has high loadings on all the three 
factors were not considered. Classification of individuals 
by cross-validation using discriminant analysis was 
carried out using the PROC DISCRIM procedure of SAS 
(SAS, 2008).
Results 
There was no significant correlation (p>0.05) between 
transformed truss distances and standard length indicating 
that the effect of body length had been successfully removed 
by the allometric transformation.
Differentiation of stocks from east and west coasts of India
The factor analysis of transformed truss distances 
indicated that the first two factors together explained 
80.63% of morphometric variation. First factor accounted 
for 71.49% of total variation and the truss distances 
with high loading factors were 1-10, 2-8, 3-7, 7-8 and 
8-9 (Table 2, Fig. 4). These truss distances were located 
on anterior half of the body. Second factors explained 
9.14% of total variation and the truss distances, 4-5, 4-6, 
5-6, 5-7 and 6-7 concentrated in the caudal region which 
showed meaningful loading (Table 1, Fig. 4). These highly 
loaded truss distances were the straight and oblique depth 
measurements of the fish body and they were located on 
Truss distances Factor1 Factor2 Factor3
1-2 0.58278 0.23825 0.4033
1-10 0.60623 0.17764 0.36772
2-3 0.29268 0.2286 0.46327
2-8 0.76899 0.38415 0.38689
2-9 0.36845 0.22712 0.8622
2-10 0.38482 0.19016 0.85371
3-4 0.76713 0.43302 0.22701
3-7 0.8721 0.33987 0.28613
3-8 0.82759 0.41346 0.31723
3-9 0.30216 0.19843 0.77174
4-5 -0.0244 0.82145 -0.0618
4-6 0.27595 0.58721 0.06111
4-7 0.45013 0.66172 0.33081
4-8 0.55174 0.54426 0.38415
5-6 0.28535 0.75422 0.20427
5-7 0.18968 0.97309 0.13081
6-7 0.30542 0.81255 0.10054
7-8 0.43081 -0.072 0.25797
8-9 0.55027 0.20342 0.3154
9-10 0.07379 -0.0662 0.24196
Table 2.  The rotated factor pattern for the truss distances in factor analysis
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anterior half including head and mid-body and caudal 
region of the fish body. Bivariate plot of second factor 
against first factor clearly separated the clusters of the 
populations of both east and west coasts indicating 
significant morphological discrimination between Bay of 
Bengal and Arabian Sea populations (Fig. 3).
Differentiation of population within the coasts of India
The factor analysis for locations within east coast 
indicated that first two factors together explained 72.46% 
of total variation with Eigen value of 65.37% and 7.49% 
on first and second factor respectively. The truss variables 
which showed high loading on the two factors were 1-10, 
3-7, 3-8, 7-8, 4-7 and 6-7. Bivariate plot of second factor 
against first factor revealed a clear separation of Digha 
and Chennai stocks indicating strong morphometric 
differentiation. Likewise, Factor analysis for locations 
within west coast was carried out and the first two factors 
together explained 61% of total variation with Eigen value 
of 43.36% and 17.64% for the first and second factors. 
The bivariate plot of second factor against first factor 
showed an obvious mixing of populations of Cochin and 
Ratnagiri.
Classification by discriminant function analysis
The  different combinations of truss variables with 
high loading on the first and second factors was considered 
for classifying individuals between the coasts and the four 
sampling locations. The combinations of truss distances 
that showed minimum amount of miss classification were 
5-6, 5-7, 4-6 and 6-7 which belonged to the caudal portion 
of the body. Coast-wise discriminant function analysis 
showed 94% of accuracy in classification whereas 
location-wise it was 87%. Percentage of fish from each 
location or coast (in rows) classified by discriminant 
function analysis are presented in the Table 3.
Discussion
The present study indicated the existence of significant 
phenotypic heterogeneity between the populations of 
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Fig. 3. Bivariate plot of scores on the two factors extracted from 20 point truss measurements of O. ruber representing the separations. 
(a) Coast-wise, (b) Location-wise, (c) Within east coast, (d) Within west coast
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O. ruber from Bay of Bengal and Arabian Sea and the 
shape related  traits belonging to anterior half of the body 
including head, mid-body  and caudal region are found 
to be efficient for morphological discrimination of these 
stocks. The strong morphometric differentiation of the 
populations between coasts suggests the existence of 
distinct spawning stocks for the species in east and west 
coasts. Also significant morphological discrimination of 
population from east coast indicates limited gene flow in 
the  population of O. ruber in Bay of Bengal whereas a 
lack of phenotypic heterogeneity was observed in Arabian 
Sea. The phenotypic discreteness was likely to represent 
adaptation to availability and type of prey, geographical 
isolation, different environmental conditions and interactive 
effects of environment, selection and genetics on individuals, 
which are discussed in the following sections.
Availability of prey 
Different prey resources for larvae and juveniles 
may lead to different adult body shapes, suggesting that 
there is a phenotypic response to resource availability 
(Wimberger, 1990). The relative variation in head region 
may be associated with the availability and type of prey 
for the species as head length is directly related to prey 
size (Gatz, 1979). O. ruber is highly carnivorous and 
it mainly feeds on juveniles of teleosts and shrimps 
(Suseelan and Nair, 1969). As a predator, it may prefer 
Table 3. Percentage of fish from each location or coast (in rows) classified by discriminant analysis to their respective groups (in 
columns), `n’ indicates the total no. of samples collected from the respective locations, 
Coast
                       
                     
Total rate of 
classification (%)
Total rate of 
misclassification (%)
East West
East 88.7 2.6
94 6West 11.3 97.4
Location Digha Chennai Cochin Ratnagiri
Digha 97.85 2.15 0 0
Chennai 0 95.24 4.76 0 87 13
Cochin 0 2.22 81.11 16.67
Ratnagiri 1.02 10.02 15.31 73.47
Fig. 4. Truss measurements with meaningful loadings on first two factors of truss network analysis of O. ruber
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the most frequently encountered prey, rather than actively 
seeking the most energetically profitable with fluctuation 
of predator and prey population in natural environment 
(Bence and Murdoch, 1986), which may explain the 
changes in head morphlology. The variation in head region 
can also be attributed to changes under competition with 
a closely related species, adapting to the optimal selection 
of prey (Sreekanth et al., 2012).
Environmental conditions
In general, fishes are more prone to environmentally 
induced morphological variation and they show a higher 
degree of variation within and between populations than 
other vertebrates (Wimberger, 1990). In the present study, 
the caudal region is found to be significant in differentiating 
the east and west coast populations which may be the 
consequence of phenotypic plasticity in response to 
hydrological conditions. However, the water turbulence in 
Bay of Bengal is considerably higher than in the Arabian 
Sea (Kolla et al., 1976; Chamarthi et al., 2008).  There 
is an observation on the morphological variation in the 
caudal region of brook charr (Salvelinus fontinalis) from 
microhabitats differing in water velocity and the fishes 
from turbulent waters were with a deeper caudal peduncle 
(Imre et al., 2002).  Larval fish may develop different 
morphologies because of local environmental conditions, 
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leading to differences in adult morphology as well. Thus, 
physico-chemical characteristics of habitat may drive 
changes in the morphological attributes of native fish 
populations (Hass et al., 2010). Studies by Sajina et al. 
(2010) and Swatipriyanka Sen et al. (2011) have also 
indicated the variation in the caudal region of Megalaspis 
cordyla and Decapterus russelli from the Arabian Sea 
and Bay of Bengal. Higher levels of habitat-specific 
morphological variation seen in this study indicate either 
assertive mating or limited gene flow between the coasts. 
The strong morphological discrimination of populations 
in Bay of Bengal indicates the possibility of existence of 
different stocks in Digha and Chennai which may be due 
to different environmental conditions of the water body. 
The water flow is significantly high due to the entry of 
numerous rivers in the north-east coast of India (Digha) 
which provides a unique habitat for fish in terms of salinity, 
temperature and water current. A lack of significant 
morphometric variation within west coast may be due 
to common environment, lack of proper demarcation 
of fishing zone and similar genetic origin in the earlier 
period. However, further molecular genetic studies need 
to be carried out to confirm these results.
Geographical isolation
Geographical isolation plays an important role in the 
development of phenotypic heterogenity within a species 
which may be due to the synergistic effects of environment, 
selection and genetics on individual ontogenies (Poulet 
et al., 2005). The non-migratory and demersal nature of 
the species might have resulted in discrete populations 
between the Arabian Sea and Bay of Bengal. However, 
the low phenotypic differentiation among stocks within 
west coast and high phenotypic heterogeneity in east coast 
suggests a direct relationship between morphometric 
variation and geographical distance. The morphological 
discrimination of population within coast may be due to 
the different ecological habitat of northern and southern 
part of the Bay of Bengal (Bauer et al., 1991; Banse and 
English, 1994; Seears et al., 2012; Karati,  2013). Thus, 
fish stocks are assumed to be distributed in space as 
gradients (Murta et al., 2008) and geographical separation 
which is evident from the present study underlines the 
same.
Morphometric studies help in providing greater 
insight into discrimination of different fish stocks which 
have been proved in this study. Truss morphometry 
revealed the existence of three stocks, two in the east coast 
and one in west coast suggesting the need of a separate 
management strategy for their sustainable harvest. The 
present study also revealed a considerable mixing of 
population in west coast suggesting implementationn 
of uniform management measures. The morphometric 
variation may reflect genetic differences between the fish 
stocks. Thus, the findings of the present study can be further 
confirmed based on molecular genetics and biochemical 
methods. However, based on this morphometric study, 
development of appropriate management measure should 
be carried out even if this phenotypic divergence is not 
reflected by genetic differentiation (Lowe et al., 1998) 
which may help in sustainable harvest of the resource.
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